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1 2
4-(m,m’-DI-t-BUTYL-p-HYDROXYPHENYL) CH; CH,
BUTYL-2 COMPOUNDS a \ /
This is a division, of application Ser. No. 443,822 filed /C
Feb. 19, 1974 now U.S. Pat. No. 4,026,952. | 5 H,C
This invention relates to novel 4-(m,m’-di-t-butyl-p-
hydroxyphenyl)-butyl-2 compounds. | HO CH,—CH,—CH—CH,
We have found the novel 4-(m,m’-di-t-butyl-p- |,
hydroxyphenyl)-butyl-2 compounds of the formula: R
o 10 H,C__  / CH,
: ‘f
CH,

in which R? denotes a radical of the formula:

O
L
~—NH-—C—R?,
C(CH,),
I 0
—NH-—C—NH-R‘—NH—C-NH—(IJH-—CHZ—CHZ OH or
CH,
C(CH,),
C(CH,);
0
~NH-—C—(R’),—C—NH=—CH=CH,—~CH, OH ,
CH, CH; I |
\C/ - CH,
/ . C(CH3)1
H,C
H HHH . . 3 o4 s :
L1 1 in which formulae R’ R*and R’ each denotes an ali-
HO ?-?-?-?“H 35 phatic, cycloaliphatic, araliphatic or aromatic radical
R! R! R? R! and »n1s O or 1. _ -
The novel substances may be produced by known
H,C._ / CH;

c methods, generally by reduction of corresponding bu-
| ' tan-2-ones. Suitable starting materials are 4-(m,m’-di-t-

CH, ap butyl-p-hydroxyphenyl)-butan-2-ones of the formula:

in which the radicals R! may be the same or different
and each individually denotes a hydrogen atom or an
aliphatic radical and R*denotes a radical of the formula:

0
--NH--(IL-R’..
C(CH,),
O 0 |
—NH—g—NH—R“—NH-;!!J—NH—CH—-CH—CH OH or
CH, R R
1'1' C(CH,),
C(CH,),
0 0
—NH—g-—(RS),,-g-—NH—CH—CH—CH OH ,
<|:H2 1'1' 1'1‘
r'a‘ | C(CH,);

in which formulae R!has the meanings stated above and
R3, R*and Reach denotes an aliphatic, cycloaliphatic, 65
araliphatic or aromatic radical and » is 0 or 1.

Preferred products are the novel 4-(m,m’-di-t-butyl-
p-hydroxyphenyl)-butyl-2 compounds of the formula:
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(m,m’-di-t-butyl-p-hydroxyphenyl)-butanes of the for-
mula:

VIII,

in which the radicals R may be the same or different and
each individually denotes hydrogen or an aliphatic radi-
cal. A preferred product VIII is 2-amino-4-(m,m’-di-t-
butyl-p-hydroxyphenyl)-butane.

The novel products VIII may be prepared by known
methods, generally by reductive amination of corre-
sponding butan-2-ones with ammonia and hydrogen.
Suitable starting materials are the aforementioned 4-
(m,m’-di-t-butyl-p-hydroxyphenyl)-butan-2-ones of the
formula XII above. |

Preferred starting materials XII and, accordingly,
preferred products VIII are those in the formulae of
which the radicals R may be the same or different and

45

50

35

60

65

3 4 |
each denotes alkyl of from 1 to 4 carbon atoms or, in
H,C CH, X11, particular, hydrogen. The said radicals may be substi-
\C/ tuted by groups which are inert under the conditions of
/ the reaction, for example alkyl or alkoxy groups of from
H;C _— o 5 1to 3 carbon atoms. A particularly advantageous start-
| | . ing material XII for the preparation of the products
HO C—C—C—C—H VIII 18 4-(m,m’-di-t-butyl-p-hydroxyphenyl)-butan-
;'{ 1'1 2, 1|{ 2-one. Other suitable starting materials XII are for ex-
ample 4-methyl-3-ethyl-, 1l-ethyl-, 1,4-dimethyl- and
H:C L c"""CP.I} 10 1,3,4-trimethyl-4-(m,m’-di-t-butyl-p-hydroxyphenyl)-
| butan-2-ones. |
CH;, Conversion by reductive amination may be repre-
_ sented by the following equation illustrating the use of
in which the radicals R may be the same or different and 4-(m,m’-di-t-butyl-p-hydroxyphenyl)-butan-2-one:
each denotes hydrogen or an aliphatic radical. The 15 ~
starting materials XII may be prepared, for example, by CH, CH,
the process described in German Published Application \ /
No. 1,192,206 by the reaction of 2,6-di-t-butylphenol /C
with a,B-unsaturated carbonyl compounds in the pres- H,C
ence of a basic catalyst and an organic solvent. Manu- 20 HO |
facture is advantageously carried out by the process T e T
described in German Published Application No. Ho CH—CH, ﬁ CHy + NH; + H;—3
2,309,370 by the reaction of 2,6-di-t-butylphenol with O
4-hydroxybutanones-2 in the presence of a strong acid H,C CH,
at elevated temperature. 25 ~c”
Preferred starting materials XII and, accordingly, (|:H
preferred products IV are those in the formulae of 3
which the radicals R is the same or different and each
denotes alkyl of from 1 to 4 carbon atoms or, 1n particu-
lar, hydrogen. the said radicals may be substituted by 30
groups which are inert under the conditions of the reac-
tion, for example alkyl or alkoxy groups of from 1 to 3
carbon atoms. A particularly advantageous starting
material XII for the preparation of the products IV is
4-(m,m’-di-t-butyl-p-hydroxyphenyl)-butan-2-one. 35
Other suitable starting materials XII are for example the
4-methyl-, 3-ethyl-, l-ethyl-, 1,4-dimethyl- and 1,3,4-
trimethyl-4-m,m’-di-t-butyl-p-hydroxyphenyl)-butan-
2-ones. - o .
 Intermediates for the the of I are the novel 2-amino-4- 49 1 n€ reducing agent, advantageously hydrogen, may

be used in stoichiometric amounts or, advantageously,

1n excess, preferably in a ratio of 1.3 to 4 moles of hy-

drogen per mole of starting material XII. Ammonia and
the starting material XII may be used in stoichiometric
amounts or the ammonia may be present in excess, usu-
ally in an excess of from 1.5 to 50 moles of NH, per mole
of starting material XII. The ammonia may be used in
any form, for example as gaseous or liquid ammonia, or
it may be dissolved in a solvent which is inert under the
conditions of the reaction.

The reaction is advantageously carried out in the
presence of a hydrogenation catalyst. Suitable hydroge-
nation catalysts which may be used are generally one or
more metals having an atomic number of from 24 to 29,
usually cobalt or nickel catalysts, e.g. corresponding
sintered catalysts which may contain up to 30% by
weight of copper, manganese, iron and/or chromium.
We prefer to use Raney nickel and Raney cobalt. The
hydrogenation catalyst is usually used in amounts of
from 0.5 to 50% and preferably from 1 to 10% by
weight of the weight of starting material XII. Usually,
hydrogen 1s passed into the reaction mixture at the

‘commencement of the reaction and during the reaction

at such a rate that a desired reaction pressure is main-
tained at the temperature at which the reaction is car-
ried out. The reaction is advantageously carried out at a
reaction pressure of from 50 to 300 and preferably from
70 to 150 atmospheres, continuously or batchwise. The
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S
reaction temperature i1s advantageously between 20°
and 150° C and preferably between 60° and 100° C. It is
also possible to use inert gases such as nitrogen, in addi-
tion to the hydrogen and ammonia, to adjust the pres-

sure as desired. |
If desired, catalysts such as ammonium chloride, am-
monium acetate and acetic acid may be added in

amounts of from 0.1 to 1.2% by weight of the weight of g
starting material XII in order to avoid the formation of

by-products. Also suitable are catalysts which contain
up to 20% by weight of aluminum oxide or magnesium
oxide in addition to nickel and copper. For economical
reasons alone it is preferred to use the above catalysts
and not, as 1s possible, platinum or platinum compounds

wuch as platinum oxide, as catalysts, at a pressure of

from 1 to 3 atmospheres, advantageously with the addi-
tion of ammonium chloride.
It is advantageous to use organic solvents which are

inert under the conditions of the reaction. Examples of

such solvents are cyclic ethers such as dioxane and
tetrahydrofuran, ethers such as glycol monomethyl
ether, and preferably alkanols, advantageously of from
1 to 4 carbon atoms, such as methanol, ethanol and
isopropanol. They may be fed to the reaction medium
either individually or mixed with, say, each other or a
starting material. In general, the solvent i1s used in an
amount of up to 10 times the weight of starting material
X11.

The reaction may be carried out as follows: The start-
ing material XII is fed to a reactor with or without
solvent, and the hydrogenation catalyst is then added
and the reaction chamber is purged with nitrogen. Am-
monia 1s then added and hydrogen is pumped in until
the above reaction pressure has been reached. The reac-
tion mixture is then heated to the above temperature
and maintained at this temperature whilst further
amounts of hydrogen are added until no more hydrogen
is consumed by the reaction. This reaction time is gener-
ally from 2 to 3 hours. The reaction mixture 1s then
cooled and filtered. The product i1s then isolated from
the filtrate by usual methods, for example by fractional
distillation or evaporation of the filtrate and recrystalli-
zation from ether.

The materials IV of the invention may also be con-
verted to the corresponding 2-amino-4-(m,m’-di-t-butyl-
p-hydroxyphenyl)-butanes, e.g. the unsubstituted 2-
amino compound, by reaction with ammonia at, say,
from 80° to 150° C and a pressure of from 50 to 110
atmospheres. Similarly, catalytic methods of amination
of hydroxyl-containing compounds may be used. For
details of the execution of such amination processes,
reference is made to Houben-Weyl, Methoden der or-
ganischen Chemie, Vol. 11/1, pp. 112 et seq.

The other novel materials I may be obtained by usual
methods of synthesis of esters, acid amides, bis-ureas
and bis-amides. To prepare esters of the formula:

I11,
5

H H H H
| | | |
C—C—C — C—H
| | | |
R! R} cl) R!

Ce=

1,

it 1s advantageous to react 4-(m,m’-di-t-butyl-p-hydrox-

15 yphenyl)butan-2-ols of the formula:
CH3\ /CH3 IV
/C
20 HC _
IR
HO C—C—C—C—H
T
R! R! OHR!
25
H.C CH,
. (l:.--"
CH,

30 with carboxylic acids or derivatives of carboxylic acids
of the formula:

0O
|

— T e 1 3
15 HO—C-—R
in which R! and R’ have the meanings stated above.
This reaction may be represented by the following
equation 1llustrating the use of 4-(m,m’-di-t-butyl-p-
40 hydroxyphenyl)-butan-2-ol and acetyl chloride:

CH, CH,
\ /
C
HC/
3
- i 1
HO (I:—-(lz—-(lz—(':—H + Cl—C—CH,—>
H H OHH
s H:iC /L CH;
T
CH,
CH, CH,
\ /
C
55 /
H,C |
Py
HO (IZ‘.—(IJ-(IJ — (I'J—'H + HCI.
H H ? H
60
HJC\C /_CH,; g|:=
| CH;
CH,
65 Preferred starting materials IV and V and, accord-

ingly, preferred products III are those in the formulae
of which the radicals R! may be the same or different

and each denotes alkyl of from 1 to 4 carbon atoms or,
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in particular, hydrogen, and R?is alky! of from 1 to 20
and in particular of from 1 to 8 carbon atoms, cyclo-
hexyl, aralkyl of from 7 to 12 carbon atoms, naphthyl or
phenyl. The acid radicals may be further substituted by

catalysts. Advantageously, from 0.5 to 15 and in partic-
ular from 3 to 109% by weight of acid, based on carbox-
ylic acid V, is used. If desired, materials capable of
binding the water formed may also be used, e.g. anhy-
drous salts such as copper sulfate and iron sulfate. Also
- suitable are esterification catalysts such as acid chlo-
rides, e.g. thionyl chloride, chlorosulfonic acid, ansol-
voacids such as boron trifluoride, or it is possible to
carry out special esterification operations such as esteri-
fication with azeotropic distillation with, say, benzene
or toluene.

It is also possible to transesterify esters of the carbox-
ylic acids V, advantageously esters with lower alkanols
such as methanol or ethanol, with the starting maternal
IV. It is advantageous to carry out the reaction with an
~ excess of starting material [V, for example an excess of
from 3 to 10 times over the stoichiometric amount of
ester, with concurrent distillation of the alkanol re-
leased during the reaction. However, we prefer to use

8

halides of carboxylic acids V, particularly the chlorides,
as starting materials. If desired, they may be prepared in
situ by using the carboxylic acids V together with acid
chlorides such as phosphorus trichlorde phosphorus

groups which are inert under the conditions of the reac- 5 oxychloride, phosphorus pentachloride and thionyl
tion, for example alkyl or alkoxy of from 1 to 4 atoms or chloride in the reaction mixture. It 1s preferred to react
nitro. A particularly advantageous starting material IV the starting materials IV with the acid anhydride or,
is 4-(m,m’-di-t-butyl-p-hydroxyphenyl)-butan-2-ol. Ex- advantageously, acid halide in the presence of pyridine,
amples of other starting materials IV are 4-methyl-, suitable amounts of pyridine being from 200 to 1,000%
3-ethyl-, 1-ethyl-, 1,4-dimethyl- and 1,3,4-trimethyi-4- 10 by weight, based on acid halide. If desired, the halide
(m,m’-di-t-butyl-p-hydroxyphenyl)-butan-1-ols.  Suat- used in this method may be prepared in situ by using an
able starting materials V are carboxylic acids and deriv- acid and, say; phosgene. The amounts of anhydride and
atives thereof such as the halides, preferably chlorides, halide and the reaction conditions are the same as those
and single or mixed anhydrides. Examples of suitable mentioned above in connection with the use of carbox-
compounds are formic acid, acitic acid, butyric acid, 15 ylic acids. For details on the esterification reaction, see
palmitic acid, stearic acid, benzoic acid, cyclohexanoic =~ Houben-Weyl, Methoden der organischen Chemie,
. acid, phenylacetic acid, naphthalene-1-carboxylic acid, Vol. 8, pp. 516-549.

naphthalene-2carboxylic acid, p-nitrobenzoic acid, p- The reaction may be carried out as follows: A mix-
hydroxy-m,m’-di-t-butylbenzoic acid, p-toluic acid, ture of starting materials IV and V or derivatives of
propionic acid, isobutyric acid, caprylic acid, capronic 20 starting material V and, optionally, solvent, esterifica-
acid, lauric acid, valeric acid, (p-methoxy-m,m’-di-t- tion catalyst, acid or pyridine is stirred at the tempera-
butyl)-benzoic acid, o- and p-diethoxybenzoic acids and ture stated for from 1 to 12 hours. The ester III is then
analogous acid halides and anhydrides. isolated in conventional manner, €.g. by mixing the

The starting material [V may be reacted with starting reaction mixture with ice, followed by acidification and
material V in stoichiometric amounts or with an excess 25 extraction of the mixture with, say, benzene, and frac-
of the latter, preferably an excess of from 1.1 to 1.3 tional distillation of the organic phase formed.
moles of starting material V per mole of starting mate- In order to prepare the acid amides of the formula:
rial IV. The reaction is usually carried out at tempera-
tures of from 10° to 170° C and preferably from 20° to CH, CH, VI
90° C, at atmospheric or superatmospheric pressure, 30 \C/
continuously or batchwise. It i1s advantageous to use /
solvents such as ketones, e.g. acetone, aliphatic hydro- H,C
carbons, e.g. ligroin and hexane, ethers, e.g. dipropyl II{ II{
ether, tetrahydrofuran and dioxane, aromatic hydrocar- HO C—Co—C—C—H
bons, e.g. benzene, toluene and the xylenes, and chlori- 35 |1 | 1
nated hydrocarbons, e.g. chloroform and methylene R*R Ro

- chloride. | | | H,C L CH; I

‘Where the starting materials V are carboxylic acids, it (|3 NH—C—R’
is advantageous to use acids such as phosphoric acid, CH,
aromatic sulfonic acids such as p-toluenesulfonic acid 40
or, advantageously, hydrochloric and sulfuric acid, as and the bis-amides of the formula:

C(CH5,), C(CH,), VII
A A
CH—CH—(I:—NH—C—(RS),,—C—NH—CH—CH—(I:H OH
1I21 1!1‘ CH, (I;‘H1 1'{1 R
C(CH,); II{I 1!11 C(CH3),

it 1s advantageous to use 2-amino-4-(m,m’-di-t-butyl-p-
55 hydroxyphenyl)-butanes of the formula:

CH; CH, - VI,
\ / |
C
HC/
3
60 I;I II{
HO C—~C—C——C~H
|1 I
R! R' NH, R!
65 HCQ L,
]
CH,
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with, in case of the preparation of acid amides VI, the
aforementioned carboxylic acids V or derivates of car-
boxylic acids V or, in the case of the preparation of
bis-amides VII, dicarboxylic acids or derivatives of

dicarboxylic acids of the formula: 5

0
I

ﬁ) IX,
HO—C—(R’),—~C—OH

| 10
in which R, RYand R’ and » have the meanings stated

above.

The reactions may be represented by the following
equations illustrating the use of 2-amino-4-(m,m’-di-t-
butyl-p-hydroxyphenyl)-butane and benzoyl chloride ;s

10

cyclohexylene, aralkylene of from 7 to 15 carbon atoms,
phenylene or naphthylene which may be partially or
wholly hydrogenated if desired, decahydronaphthy-
lene, benzylcyclohexylene, e.g. the radical

or benzylphenylene, e.g. the radical

or terephthaloyl chloride: CH,
CH,; CH,
\ /
C
/
H,C
i I
HO CHZ—CHZ—(I:—CH3 + C—Cl ——>
NH,
H,C
. (l:.--"'
CH,
CH, CH,
\/
C
/
H,C
i
HO CI—IZ—CHZ-—(I:-—CHg,—l- HCI.
IiJH
H,C CH, C
.
(I:""' I
CH,
CH, CH,
\ /
C
/
H,C
i I ]
2 HO CHZ—CHZ-—-(lt——CH_,, + Cl—C C—Cl ——>
NH
H;C__ / CH,;
]
CH,
CH, CH, H,C CH
\"/ N/
C C
/ \
H,C CH,
H O O H
| H |l I H |
HO CHZ—CHE—(I'J-—N—C c—-_1\1——(|:--(‘:1L12—(:H2 OH -+ 2HCI
CH, CH,
H;C._ / CH, H,C\ _CH,
] ]
CH, CH,

Preferred starting materials VIII, V and IX and, ac-
cordingly, preferred products VI and VII are those in 65
the formulae of which R!'%and R*have the said preferred
meanings and # is 0 or 1, and R’ denotes alkylene of
from 1 to 20 and preferably of from 1 to 6 carbon atoms,

The above radicals may be substituted by grdups
which are inert under the conditions of the reaction, for
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example alkyl or alkoxy groups of from 1 to 4 carbon
atoms. When R°denotes aralkylene, it may contain an
arylene group and one or two alkylene groups and may
thus be attached to the two adjacent carbony! groups
via one arylene group and one alkylene group or two

alkylene groups.
A particularly advantageous starting material VIII is

2-amino-4-(m,m’-di-t-butyl-p-hydroxyphenyl)-butane.
Examples of other starting materials VIII are 4-methyl-,
3-ethyl-, l-ethyl-, 1,4-dimethyl- and 1,3,4-trimethyl-2-
amino-4-(m,m’-di-t-butyl-p-hydroxyphenyl)-butanes.
Examples of suitable starting materials V are monocar-
boxylic acids and their derivatives such as halides, par-
ticularly chlorides, and anhydrides. Examples of suit-
able starting materials IX are oxalic acid, malonic acid,
succinic acid, glutaric acid, adipic acid, pimelic acid,
sebacic acid, decanedioic acid, terephthalic acid, cy-
clohexane-1,4-dioic acid, cyclohexane-1,2-dioic acid,
cyclohexane-1,3-dioic acid, naphthalene-1,4-dioic acid,
naphthalene-1,8-dioic acid, isophthalic acid, phthalic
acid, diphenylmethane-4,4'--dioic acid, 4-(p-carbox-
ybenzyl)-cyclohexanoic acid, tetrahydronaphthalene-
'1,8-dioic acid, tetrahydronaphthalene-1,5-dioic acid,
decahydronaphthalene-1,8-dioic acid, decahydronaph-
thalene-1,5-dioic acid, p-(1-carboxypropyl-2)-benzoic
acid, p-{(carboxymethyl)-benzoic acid and p-(carbox-
ymethyl)-phenylacetic acid. Similarly, analogous single
or mixed anhydrides and dihalides, preferably dichlo-
rides, of these acids are suitable.

10

15

20

25

™

12

hydrocarbons, e.g. benzene, toluene and the xylenes,
and chlorinated hydrocarbons, e.g. chloroform and
methylene chloride. *

As 1n the case of the esters, the amines VIII may be
reacted with the carboxylic acid V or dicarboxylic acid
IX itself or its esters. It 1s more advantageous to carry
out the reaction with the anhydrides or, in particular,
the halides, preferably the chlorides, of these acids. The
acid formed during the reaction may be bound by an
appropriate excess of amine or, advantageously, by the
addition of bases such as caustic solutions, e.g. caustic
soda, soda or terteriary amines, particularly pyridine.
Suitable amounts are from 1 to 1.5 equivalents of base,
based on one mole of halide or anhydride of the acids’
IX. Pyridine may simultaneously serve as a solvent, in
which case amounts of from 1 to 1.3 moles of pyridine
per mole of starting material VIII are suitable. For
details on the preparation of mono- and di-carboxa-
mides, see Houben-Weyl, loc. cit. pp. 653-660.

The reaction may be carried out as follows: The mix-
ture of starting material VIII and the acid chloride of
starting material V or IX and advantageously, the base
with or without solvent 1s maintained at the reaction
temperature for from 0.5 to 5 hours. The product is then
removed from the reaction mixture in known manner,
for example by mixing with ice, acidifying the mixture
and extracting it with, say, benzene, followed by frac-
tional distillation of the extract.

To manufacture the bis-ureas of the formula

C(CH)); C(CH));
H 0 O
HO CH—-CH-—(IZ—NH—-(I.!'J—-NH-R‘*— NH—g—NH“CH“CH“CH OH
1'1‘ Ilil' (I:H2 (I:H2 1'1‘ 1!4‘
C(CH,), 1'1‘ Ill‘ C(CH);

The starting material VIII may be reacted with start-
ing material V or IX in stoichiometric amounts or with
an excess of starting material V, preferably an excess of

from 1.1 to 1.3 moles, or of starting material 1X, prefera- 45

bly an excess of from 0.6 to 0.8 mole, per mole of start-
ing material VIIL. The reaction is usually carried out at
a temperature of from 10° to 170° C and preferably from
20° to 90° C, at atmospheric or superatmospheric pres-
sure, continuously or batchwise. It i1s advantageous to
use solvents such as ketones, e.g. acetone, aliphatic
hydrocarbons, e.g. ligroin and hexane, ethers, e.g. di-
propyl ether, tetrahydrofuran and dioxane, aromatic

H
|

50

CH,—CH,—C—CH
NH,

use is advantageously made of 2-amino-4-(m,m’-di-t-
butyl-p-hydroxyphenyl)-butane VIII and diisocyanates
of the formula:

OCN—R*—NCO X1
in which R!and R*have the meanings stated above.

This reaction may be represented by the following
equation illustrating the use of 2-amino-4-(m,m’-di-t-
butyl-p-hydroxyphenyl)-butane and hexamethylene
diisocyanate:

; + OCN—(CH,);—NCO ——=>



4,104,287

13 14
-continued
CH, CH H,C  CH,
\'/ \ /
C _C
/ H,C
H.C
i i
|
HO CH,—CH,—C~—CH, H,C—C—CH,—CH, OH
O 0
| | | CH
H,C  / CH; NH—C—NH—(CH,),—NH—C—NH o
C
| H,c~  CH,
CH, |

Preferred starting materials VIII and XI and, accord-
ingly, preferred products X are those in the formulae of
which R! has the above meaning and R* has the above
preferred meaning given for R’, the preferred radicals
being substituted as indicated if desired. 2-Amino-4-
(m,m’-di-t-butyl-p-hydroxyphenyl)-butane is also a par-
ticularly advantageous starting material VIII for the
manufacture of products X, but the other substances
V1II mentioned above are also suitable for this reaction.
Suitable starting materials XI are for example 1,4-
butane-, 1,6-hexane-, p-phenylene-, 2,4-toluylene-, 2,5-
toluylene-,  2,6-toluylene-, 1,5-naphthylene-, 1,8-
naphthylene-, 4,4-diphenylmethane-, 3,3’-dimethoxy-
4,4'-diphenyl-, 3,3'-dimethyl-4,4’-diphenyl-, 1,3-pro-
pane-, 1,3-cyclohexylene-, 1,4-cyclohexylene-, m-phe-
nylene-, tetrahydronaphthalene-1,5-, tetrahydronaph-
thalene-1,8-, decahydronaphthalene-1,5- and decahy-
dronaphthalene-1,8-diisocyanates,  4-(isocyanato-ben-
zyl)-cyclohexane isocyanate, p-isocyanatocumyl 1soCy-
anate, p-isocyanatobenzyl isocyanate and p-isocyanato-
phenylethyl 1socyanate.

The starting material VIII may be reacted with start-
ing material XI in stoichiometric amounts or in excess,
preferably an excess of from 0.6 to 0.8 mole of starting
material XI per mole of starting material VIII. The
reaction is usually carried out at a temperature of from
10° to 170° C, and preferably from 20° to 90" C, at
atmospheric or superatmospheric pressure, continu-
ously or batchwise. It is advantageous to use solvents
such as ketones, e.g. acetone, aliphatic hydrocarbons,
e.g. ligroin and hexane, ethers, e.g. dipropyl ether, tetra-
hydrofuran and dioxane, aromatic hydrocarbons, €.g.
benzene, toluene and the xylenes, and chlorinated hy-
drocarbons, e.g. chloroform and methylene chloride.
As in the manufacture of products VI and VII, 1t s
possible to carry out the preparation of the bis-ureas
with the addition of bases, preferably pyridine, in the
manner stated. For details on the reaction of amines
with diisocyanates, reference is made to Houben-Weyl,
loc. cit. pp. 157 et seq.

The reaction may be carried out as follows. The mix-
ture of the starting materials with or without solvent
and base is held at the reaction temperature for from 0.5
to 5 hours. The product is then isolated from the reac-
tion mixture in the usual manner, for example by filtra-
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tion or removal of the solvent and recrystallization of €0

the residue.

The 4-(m,m’-di-t-butyl-p-hydroxyphenyl)-butyl-2
compounds I which may be prepared in the manner
described above, preferably the mono- or di-carboxa-

0
|

mides, esters and bis-ureas of 2-amino-4-(m,m’-di-t-
butyl-p-hydroxyphenyl)-butane or the aforementioned
4-(m,m’-di-t-butyl-p-hydroxyphenyl)-butan-2-0l IV, in
particular 4-(m,m’-di-t-butyl-p-hydroxyphenyl)-butan-
2-0l, or the aforementioned 2-amino-4-(m,m’-di-t-butyl-
p-hydroxyphenyl)-butanes VIII, in particular 2-amino-
4.(m,m’-di-t-butyl-p-hydroxyphenyl)-butane, are valu-
able intermediates in the manufacture of dyes, pesticides
and plastics auxiliaries, particularly stabilizers for poly-
olefins and polyamides. When molten, they are specific
solvents for alkylphenols, e.g. 2,6-diethylphenol, 2,6-
dimethylphenol, 2,4-dimethylphenol, and in the case of
the amides, esters and bis-ureas including those derived
from disubstituted ureas such as diphenyl urea, they

form perfumes or ingredients of perfume compositions
having a certain fruity odor. The aforementioned 4-

(m,m’-di-t-butyl-p-hydroxyphenyl)-butan-2-ols IV, in
particular 4-(m,m’-di-t-butyl-p-hydroxyphenyl)-butan-
2-0l, are perfumes or ingredients of perfume composi-
tions having an odor similar to that of bilberries, rasp-
berries or blackberries.

Also, the products I are themselves stabilizers, aging
retardants or antioxidants for organic products which
can be deformed, rendered brittle, discolored or de-
graded in some other way by the action of heat, light,
oxygen or ozone. Examples of such organic products
are lubricating oils, fuel oils, oils of vegetable, mineral
or animal origin, waxes, soaps, fats, gasolines, natural or
synthetic rubber, natural resins and plastics such as
polyolefins, e.g. polyethylene and polypropylene, and
polyamides (see Examples 9, 11 and 13 below).

Useful products I for this purpose are 4-(m,m’-di-t-

butyl-p-hydroxyphenyl)-butyl-2 compounds of the for-
mula:

CH, CH, 11,
\ /
C
/
H,C
HO CH,~CH,—CH—CH,
!,
H,C CH,
"'\CI:.-""
CH,

in which R?denotes amino, hydroxyl or a radical of the
formula:

0
|

—(O=—C—R3, =NH—C—R’,



1S

O
lI |
~—NH—C~~NH—R*~NH—C—NH— (l:H—CH2
CH,

O
II |
—NH—C—(R?), —C—-NH-—(IZH—CH?_
CH,

where R3, R*and R’ each denotes an aliphatic, cycloali- 20
phatic, araliphatic or aromatic radical and n 1s O or 1.

C(CH,),

CH,

CH2 '
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C(CH;);

OH or

C(CH,);

C(CH;),
OH ,

C(CH;),
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Particularly advantageous products I are the follow-
ing compounds: 4-(m,m’-di-t-butyl-p-hydroxyphenyl)-

- We particularly prefer products I in the formula of butan-2-ol, 2-amino-4-(m,m’-di-t-butyl-p-hydroxy-
which R2and » have the meanings stated above and R’, phenyl)-butane and the compounds of the following
R4 and R’ have the preferred meanings stated above. formulae:

CH
R
HD—@- CH,—CH,—CH-~-NH—C—CH;,
C(CH,),
C(CH
N <I:H3 (CH,),,~—CH,
HO-@-CH—* “CHZ—CH—NH-—C |
C(CH,)
CH
( 3)3 (i-_:H_] ﬁ)
Ho%}cm_cm_m_m_c@,
C(CH,),
CH C(CH
C(CH;), (I:HS ﬁ’ (CH;);
HO—C-CHZ—CHZ—CH“NH—C OH,
C(CHj;); C(CH;),
C(CH
(CH,;); (IJH:J;
HOAD— CH “CHZ—CH_O“ﬁ“(CHZ)I'q- CH3 )
C(CHjy),
H C(CH
D P -
Ho‘g} CH,~CH,—CH=—NH—C—NH—(CH,);—NH—C—NH—CH—CH,—CH, OH ,
C(CH,), C(CH,),
C(CH C(CH
( 3)1 (l:HJ CI:H-?' ( 3)3
Ho—b— CH —CHZ—*CH*NH—C—NH—@ —®7NH—C—NH—CH—CH2—CH2 OH ,
C(CH,), C(CH,),
CH C(CH
( 3)3 (|:H3 (I:H3 ( 3)3
Ho@f(m -—CHZ—-CH-—NH—C--NH—@— -—@—NH——CHNH“CH—CHZ—CHZ OH,

C(CH,);
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‘ -continued
C(CH
- g
HO—@-CHZ—-CHZ—CH—NH—C—NH
C(C HJ)J C(C H 3) 3
NH—ﬁ—NH---_(I:H—CHZ-—CH2 OH,
0O CH,
C(CH;),
C(CH |
- g
Ho‘b-CHZ-—-CHz—-CH—NH—-C-—NH—CHz-—CH
C(CHj3); C(CHy);
NH—ﬁ'—-NH—(I:H-CHZ—-CHz OH
0 CH,
C(CH,),
C(CH C(CH
(CHj); ?H3 ﬁ' ﬁ’ (I:H3 (CH;),
HOb—CHZ—-CHZ-CH—NH—C-—C—-NH—CH-—CHZ—CHZ OH,
C(CH,), C(CH,),
C(CH C(CH
(CH;); (l-“‘H3 (I:l) ﬁ' (|:H3 (CH,),
Ho-b— CH,—CH,~CH~—NH—C—(CH,),—C—NH—CH—CH,—CH, -OH ,
C(CH,), | C(CH,),
C(CH C(CH
(CH,;); (l:H3 ﬁ’ ﬁ (|3H3 (CH}3),
Ho—g} CH,—CH,—CH—NH—C—(CH,);—C—NH—CH~CH,~CH, OH,
C(CH,), _ C(CH,),
C(CH C(CH
. N Y
Hobf CHZ—CHZ—CH-—NH—C—O— C—NH--CH=CH,—CH, OH,
C(CH,), C(CH,),
C(CH
R
Ho—beHz—CHZ—CH—-NH—C
C(CH,;);
C(CH,),

| |
CH, 0

4

C(CH,),

The products IV and VIII, when used as stabilizers
for polyamides and polyolefins, are added to the plastics
materials in amounts of, say, from 0.01 to 3% by weight.
For example, acid amides VI are used as stabilizers for
polyolefins in amounts of from 0.05 to 0.2% by weight,
based on the total weight (see Example 9 below). For 55
further information on its use in polyolefins, reference is
made to German Published Application No. 2,309,431.

When these products are used for stabilizing polyam-
1des, suitable amounts are from 0.01 to 2% by weight of
product I, based on the polymer. The said product may 60
be added to the polyamide-forming monomers prior to
polymerization or it may be added to the mixture during
polymerization or it may be added to the finished poly-
amide after polymerization. The stabilizing effect ex-
tends over all polyamides and copolyamides and poly-
amide mixtures derived from the well-known polya-
mide-forming compounds such as lactams, diamines and
dicarboxylic acids and aminocarboxylic acids. Exam-

65

ples of polyamide-forming lactams are pyrrolidone,
caprolactam, capryllactam, enantholactam, aminoun-
decanolactam and lauroyllactam. Polycondensates of
diamines and dicarboxylic acids are for example those
which can be prepared from aliphatic dicarboxylic
acids of from 4 to 18 carbon atoms and diamines of from
4 to 18 carbon atoms, particularly nylon-6.6 and nylon-
6.10. There are obtained polyamides which are free
from discoloration and which show greatly improved
stability over the use of conventional phenolic stabiliz-
ers even when subjected to high thermal stresses and
strong oxidizing attacks. The stabilizing action applies
both to polyamides intended for the manufacture of
shaped articles and to those intended for the preparation
of fibers and filaments. The stabilizers of the invention
are particularly suitable for use in colored polyamides,
since the color values are not impaired thereby. This is
particularly applicable to polyamides containing pig-
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ments. It is of no detriment when the polyamides also
contain conventional fillers, e.g. glass fibers, other poly-

mers, lubricants, crystallization accelerators and other
conventional additives and other stabilizers. For infor-
mation on their use as stabilizers, see also German Pub-

lished Application No. 2,309,435 and German Pub-
lished Application No. 2,309,431.

In the following Examples the parts are by weight
unless otherwise stated. The parts by weight relate to
the parts by volume as do kilograms to liters.

EXAMPLE 1

To 35 parts of 4-(m,m’-di-t-butyl-p-hydroxyphenyl)-
butan-2-ol and 100 parts by volume of pyridine there are
added, slowly, 42.5 parts of palmitoyl chloride at 25° C.
The mixture is held at this temperature for 3 hours and
is then poured onto ice, acidified with 40 parts of HCI
and extracted with 200 parts of benzene. The benzene is
then distilled off and the residue of the extract is dis-
tilled in vacuo. There are obtained 55 parts (84.5% of
theory) of 4-(m,m’-di-t-butyl-p-hydroxyphenyl)-butyl-2
ester of palmitic acid, b.p. 254" C/0.01 mm.

EXAMPLE 2

To 111 parts of 2-amino-4-(m,m’-di-t-butyl-p-hydrox-
yphenyl)-butane and 300 parts by volume of pyridine
there are added, slowly, 124 parts of palmitoyl chloride
at from 20° to 25° C. The mixture is maintained at this
temperature for a further 2 hours. The mixture is then
poured onto 1,000 parts of ice, acidified with 100 parts
of HCI and extracted with 500 parts of benzene. The
benzene is then distilled off and the residue of the ex-
tract is distilled in vacuo. There are obtained 143 parts
(69.5% of theory) of palmitic 4-(m,m’-di-t-butyl-p-
hydroxyphenyl)-butyl-2-amide, b.p. 252° C/0.01 mm.

EXAMPLE 3

To 42 parts of 2-amino-4-(m,m’-di-t-butyl-p-hydroxy-
phenyl)-butane, 500 parts by volume of benzene and 20
parts of sodium carbonate there are added, over 80
minutes, 21 parts of benzoyl chloride and 100 parts by
volume of benzene at from 5° to 10° C. The mixture is
held at this temperature for a further 45 minutes, where-
“upon 20 parts of sodium carbonate are added and the
mixture is held at 10° C for a further 3 hours and then
heated under reflux for 2 hours. The mixture is filtered
hot and the filtrate is concentrated. On cooling, the

C(CH,);
CH,

' :
HO

C(CH;),

product Crystallizes out. There are obtained 54 parts
(93.5% of theory) of benzoic 4-(m,m’-di-t-butyl-p-
hydroxyphenyl)-butyl-2-amide, m.p. 140° to 141° C.

EXAMPLE 4

To 83 parts of 2-amino-4-(m,m’-di-t-butyl-p-hydroxy-
phenyl)-butane and 300 parts by volume of pyridine
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there are added, over 90 minutes, 30 parts of terephthal-
oyl chloride and 80 parts by volume of benzene at 25° C.

The mixture 1s held at this temperature for 2 hours. It is

then poured onto 300 parts of ice. The mixture is then
acidified with 40 parts of hydrochloric acid and ex-

tracted with 500 parts of benzene. The benzene is re-
moved from the extract by distillation and the product
crystallizes out. There are obtained 65 parts (63.5% of
theory) of terephthalic di-[4-(m,m’-di-t-butyl-p-hydrox-
yphenyl)-butyl-2-amide], m.p. 245° to 247° C after re-
crystallization from 1:1 benzene/methanol.

EXAMPLE 5

To 111 parts of 2-amino-4-(m,m’-di-t-butyl-p-hydrox-
yphenyl)-butane, 500 parts by volume of benzene and 2
parts by volume of pyridine there are added, slowly, 55
parts of diphenylmethane-4,4'-diisocyanate in 500 parts
by volume of chloroform at 25° to 30° C. The mixture is
then heated at 40° C for 1 hour and filtered. There are
obtained 77 parts (48% of theory) of 4,4'-di-4""'-(m,m’-
di-t-butyl-p-hydroxyphenyl)-butyl-2""'-ureido]-
diphenylmethane, m.p. 183° to 186° C after recrystalli-
zation from 1:1 benzene/methanol.

EXAMPLE 6

To 107 parts of 2-amino-4-(m,m’-di-t-butyl-p-hydrox-
yphenyl)-butane, 500 parts by volume of benzene and 2
parts by volume of pyridine there are added 37 parts of
hexamethylene diisocyanate at 25° C. The mixture is
maintained at 60° C for 15 hours. It is then filtered to
give 110 parts (78.5% of theory) of w,w’'-di-[4-(m,m’-di-
t-butyl-p-hydroxyphenyl)-butyl-2]ureidohexane, m.p.
200° to 202° C after recrystallization from 1:1 benzene/-
methanol.

EXAMPLE 7

To 44 parts of 2-amino-4-(m,m’-di-t-butyl-p-hydroxy-
phenyl)-butane, 150 parts by volume of benzene and 0.2
part by volume of pyridine there are added, over 15
minutes, 16 parts of p-isocyanatocumyl isocyanate at
from 20° to 25° C. The mixture is heated under reflux
for 10 minutes and then the benzene is distilled off. The
restdue 18 heated at 70° C with 200 parts of cyclohexane
and then filtered. There are obtained 57 parts (94% of
theory) of N-p-[4-(m,m’-di-t-butyl-p-hydroxyphenyl)-
butyi-2-ureidoisopropyl]-phenyl-N-[4-(m,m’-di-t-butyl-
p-hydroxyphenyl)-lbutyl-2-urea of the formula:

T

CH,—CH,—CH—NH—C—NH—CH,—CH

C(CH,;),
NH:--—ﬁ—NH—(I:H—~c::H;,.;--CH2 OH ,
O CH,
C(CH;),
m.p. 40° to 45° C.
EXAMPLE 8

To 28 parts of 2-amino-4-(m,m’-di-t-butyl-p-hydroxy-
phenyl)-butane, 100 parts by volume of benzene and 0.2
part by volume of pyridine there are added, over 30
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minutes, 12 parts of decahydronaphthalene-1,5-
diisocyanate at 25° C. The mixture i1s heated under re-
flux for 15 minutes and the benzene is distilled off.
There are obtained 30 parts (79.5% of theory) of 1,5-di-
[4-(m,m’-di-t-butyl-p-hydroxyphenyl)-butyl-2-ureido- 5
]decahydronaphthalene, m.p. 40° to 45° C.

EXAMPLE 9

Polypropylene is mixed with 0.2% by weight of the
palmitic amide of 4-(m,m’-di-t-butyl-p-hydroxyphenyl)-
2-aminobutane, based on the total weight, and the mix-
ture is melted. The stabilizéd polypropylene is then
rolled out to panels having a thickness of 1 mm, from
which plates measuring 15 X 40 X 1 mm are cut. The
plates are suspended in a conditioning chamber through
which air is constantly passed at a temperature of 140°
C. For comparison, plates of the same size but of unsta-
bilized polypropylene are also suspended in said cham-
ber. The plates are kept in constant motion by mechani-
cal means. In this aging test, the degradation of the
polypropylene is tested under stringent conditions. Un-
like the unstabilized polypropylene plates, on which
signs of degradation may be observed after only a few
hours, no oxidation or discoloration of the stabilized
polypropylene plates may be observed after a testing 25
period of 450 hours.

EXAMPLE 10

250 Parts of 4-(m,m’-di-t-butyl-p-hydroxyphenyl)-
butan-2-one are dissolved in 1,000 parts of methanol and 30
hydrogenated in an autoclave at 150° C under a hydro-
gen pressure of 100 atmospheres, using 50 parts of
Raney nickel as catalyst. On completion of the reaction,
the methanol is distilled off. The residue is then distilled
in vacuo to give 234 parts of 4-(m,m’-di-t-butyl-p- 35
hydroxyphenyl)-butan-2-0l, b.p. 136° C/0.01 mm,
equivalent to a yield of 93% of theory.

EXAMPLE 11

Polypropylene is mixed with 0.29% by weight of 4-
(m,m’-di-t-butyl-p-hydroxyphenyi-butan-2-ol, based on
the total weight, and the mixture is melted. The stabi-
lized polypropylene is then rolled out to panels having
a thickness of 1 mm, from which plates measuring 15 X
40 X 1 mm are cut. The plates are suspended in a condi-
tioning chamber through which air 1s constantly passed
at a temperature of 140° C. For comparison, plates of
the same size but of unstabilized polypropylene are also
suspended in said chamber. The plates are kept in con-
stant motion by mechanical means. In this aging test, the
degradation of the polypropylene 1s tested under strin-
gent conditions. Unlike the unstabilized polypropylene
plates, on which signs of degradation may be observed
after only a few hours, no oxidation or discoloration of
the stabilized polypropylene plates may be observed 55
after a testing period of 450 hours.

EXAMPLE 12

250 Parts of 4-(m,m’-di-t-butyl-p-hydroxyphenyl)-
butan-2-one are dissolved in 1,000 parts of methanol and 60
mixed, in an autoclave, with 550 parts of ammonia and
50 parts of Raney nickel and the mixture 1s then heated
at 90° C under hydrogen to give a hydrogen pressure of
100 atmospheres. The mixture 1s maintained at this tem-
perature for 10 hours. On completion of the reaction, 65
the excess ammonia and the methanol are distilled off.
The solid residue is distilled in vacuo at 0.1 mm of Hg.
After recrystallization of the distillate from a mixture of
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cyclohexane and benzene there are obtained 230 parts

of 4-(m,m’-di-t-butyl-p-hydroxyphenyl)-2-aminobutane,
m.p. 99° to 100° C, equivalent to a yield of 92% of
theory.

EXAMPLE 13

Polypropylene is mixed with 0.2% by weight of 2-
amino-4-(m,m’-di-t-butyl-p-hydroxyphenyl)-butane,
based on the total weight, and the mixture is melted.
The stabilized polypropylene is then rolled out to panels
having a thickness of 1 mm, from which plates measur-
ing 15 X 40 X 1 mm are cut. The plates are suspended
in a conditioning chamber through which air is con-
stantly passed at a temperature of 140° C. For compari-
son, plates of the same size but of unstabilized polypro-
pylene are also suspended in said chamber. The plates
are kept in constant motion by mechanical means. In
this aging test, the degradation of the polypropylene is
tested under stringent conditions. Unlike the unstabil-
1zed polypropylene plates, on which signs of degrada-
tion may be observed after only a few hours, no oxida-
tion or discoloration of the stabilized polypropylene

plates may be observed after a testing period of 450
hours.

We claim:
1. 4-(m,m’-di-t-butyl-p-hydroxyphenyl)-butyl-2-
amides of the formula:

CH, CH, VI
\ /
C
/
H,C
)
HO C—C—C—C—H
| |
R! R! R'
O
H3C\ ‘#,CH‘} "
"3 NH~C—R?
CH,

in which the radicals R! are the same or different and
each individually 1s hydrogen or an aliphatic radical,
and R* denotes an aliphatic, cycloaliphatic, araliphatic
or aromatic radical.

2. Compounds as claimed in claim 1, in which the
radicals R! respectively are hydrogen or alkyl of 1 to 4

~carbon atoms, R’ is alkyl of from 1 to 20 carbon atoms,

cyclohexyl, aralkyl of from 7 to 12 carbon atoms, naph-
thyl or phenyl, which radicals of R! and R? may be
further substituted by alkyl or alkoxy of from 1 to 4
carbon atoms or by nitro.

3. Compounds as claimed in claim 1 in which each
R'is hydrogen, and R3is alkyl of 1 to 20 carbon atoms.

4. Compounds as claimed in claim 1 in which each
R!is hydrogen, and R3is phenyl.

5. A compound as claimed in claim 1, said compound
having the formula

C(CH;), C(CH,),
o
HO CH,—CH,—CH—~NH—C OH.
C(CH,), C(CH,),
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6. A compound as claimed in claim 1, said compound 7-_ A compound as claimed in claim 1, said compound
: having the formula
having the formula

C(CH,);

C(CHJ)B 5 ?HJ | (?HZ)M»—CH'
CH,—CH,~ CH—NH—C
O

T
HO CHz“CHz“CH_NH_C_CHs.

| i0 C(CH;);
C(CH,),
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. 4,104,287

DATED . August 1, 1978
INVENTOR(S) : FISCHER ET AL

It is certified that error appears in the above—identified patent and that said Letters Patent
are hereby corrected as shown below:

In the Claims, Claim 7, column 24, in the formula

delete "(CH2)14—CH." and substitute ——(CH2)14-CH3.——.

Signed and Sealed this

Twenty-fourth Day Of April 1979
[SEAL}

Attest:

Attesting Officer Commissioner of Patents and Trademarks
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